Al with Super-computed Data for Monte Carlo Earthquake Hazard Classification

Tsuyoshi Ichimural¢, Kohei Fujital¢, Takuma Yamaguchit, Muneo Horit?, Maddegedara Lalith1:? and Naonori Ueda3 ,-
: - : : : : : : - : : C ’ THE UNIVERSITY OF TOKYO ||/:N B
1. Earthquake Research Institute & Department of Civil Engineering, The University of Tokyo 2. Advanced Institute for Computational Science, RIKEN 3. Center for Advanced Intelligence Project, RIKEN . O R 1= K computer

Introduction & Objective Development of Supercomputing Method

Evaluation of earthquake damage scenarios (i.e., estimation of damage to cities Target problem Proposed solver (nominated as SC15 Gordon Bell Prize finalist [2])
and buildings) required_ to mitigate from ea_rthquakes . _ _ _ _ pornrensnseee Solving preconditioning matrix -----------------------eoe i
Knowledge of the distribution of shaking (i.e., earthquake hazard) at the ground * Implicit nonlinear wave simulation with low-ordered unstructured CG loop - Inner coarse loop '
9T . . . . L o 1 |

level in cities with an area of 100km? is required to improve damage scenarios finite elements o | 'Solving | [Solve system roughly using CG solver
- Soil at a depth of 100 m from the surface has a complex geometry that changes ~ * Much difficult than explicit time integration due to convergence of preconditioning -/ | (single precision) 5

every 10 m iterative solver and global communication . matrix i g Linear tetrahedron

: : e v I S I _ U initial luti :
+ The ground shaking due to earthquakes becomes highly nonlinear o | | Computations of - Innerfine loop | ¢ oo INHATSOHON
« Local ground shaking varies significantly with local position [1] Discretized wave equation (solve for each of 6,000 time-steps) Second ordered | outer loop " | Solve system roughly using CG solver
4 . | (single precision
Istlayer : (izM + EC” + K”) ou'= F"'—Q" '+ C"v"! 4 M(a”_1 + —v”_l) Equation to be solved Outer loop i (single p ) l
. Structure response gt Soft Jayers \d! dl al (double precision) | . Second ordered
cy Ground Matrix (components Unknown vector Known vector Structuring unstructured mesh:  Use for preconditioner of outer loop  tetrahedron |

shaking changes every time step) (0.1 trillion DOF order)

Omit costly geometry computation part of unstructured elements

Al-based Monte Carlo

Development of Al with Super-computed Data for

2\

Earthquake Hazard Classification

Input wave

Earthquake Hazard Classification

shaking at ground surface Implicit nonlinear wave simulation in soft soil of + Change elevation?(x, y) and elevation3(x, y) by a normal distribution with a

Distribution of earthquake

3 soil layers Tokyo is conducted by proposed supercomputing . _
method on full K computer (663,552 CPU cores) mean of 0 m and a standard deviation of 5 m on a 1,000 m grid

- - - * Conduct a Monte Carlo simulation with 1,000 samples on this stochastic
with max available time (8 hours) _
» Minimum element size: 1m (2" ordered model using the constructed Al

unstructured tetrahedral elements) Result

Improvement of hazard maps in higher resolution considering uncertainty
* Observing ground shaking is difficult at high spatial resolution (less than 50 m)
« Simulations using 3D ground information useful for generating hazard map; orblorm sirer 0193 illion DOE 8 6.600 1
however, this requires a very large-scale analysis A roblem size: 0,133 triflion DO & 5,600 ime-Steps
: : 10,250 m « Analyzed data size: 0.133 trillion DOF X double :
* Subsurface ground data cannot be measured and its uncertainty must be orecision x 6600 time-steps = 6,600 TB ol
guantified in the hazard maps :

Mean 3 X Standard deviation
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+ Monte Carlo simulations suitable for considering uncertainty of data; however Super-computed ground motion data Is classified into 20 levels | Characteristic value in target problem o ]
L. ical b . . 9.3 - £ | ’ | ! of severity for 50-m grid points inside an 8,350 m X 7,200 m Surface - sl R
this Is Impractical because It requires 10- repetitions of large-scale analyses area of Central Tokyo (24,360 points). = elevationl(x,y) : g ;
. 3000 3000 -
Soil structure data in Tokyo = ¢ 10,250 m X 9,250 m area of Schematic view of Al Layer 1 elevation®(x,y) : 3 :
_ o Central Tokyo provided by - 2000f . 2000f
3D ground information is National Digital Soil Map nout: Softmax Output: estimated Layer 2 W : :
currently being accumulated D Neural ~ earthquake hazard ANV 1000, s 1000 [
elevation data Network Cross classification Layer 3 _
for whole urban areas (vector) WO | Entropy (1555(;'8:'8@' X e R e Y T :
Bottom of model (elevation = 0 m) 0 <000 200 R0 HE0
i . * Both mean and standard deviation differ largely from location to location
Result in learning e Sectionand normalization of input data - This information is first been evaluated via uncertainty analysis using Al
Elevation of subsurface is not YT = Case A: selection and normalization based on seismic design
highlv accurate g I——\,_f « Elevationi(x, y), elevation?(x, y), elevation3(x, y) are used -
gy § ST N as predominant parameters for ground motion at point(x,y) CO”C' Udlng RemarkS
g | Case A In earthquake resistant designs. These three values are
£ "I Environment for training used as input data. » Highly nonlinear problem with complex resulting distribution and uncertain
& |+ Pietra (SGI, Tesla P100 x 4, Intel E5-2690v4 X 2) Case B: selection & normalization based on physics . . : :
S o7 . Chainer (batch size=8000, optimizer=Adam) + In the nonlinear wave propagation, the ground motion at data targeted: important to consider uncertainty for this problem
. S . ...construct complex neural network : - it i . : : : PR : .
" < ool by the combination of simple components svc;\r/mé(lznygﬂu]sos%etﬂzutcu)\g ;c; Vtzt?osntrggit#{e%tg|;50rr)1§ims, n Conduc_:tlng 1,000 cases of heroic computing is impractical; instead we take
; | - #ofiterations S elevation!(x+50 i, y+50 j), elevation?(x+50 i, y+ 50 j), a praCtlcal approach
m I m 1 m 10 50 100 =00 1000 sa0o  10* elev§tion3(><+5§ I, y+50 ) (i=-2, 2, j=-2, 2) (50m grid) are « Performed one case of heroic computing using our proposed method and
100- llllll 00 6000 200 10(;00_ 101000 . use aS Input ata. -
Elevation at ground surface Clevation of interface Elevation of interface . |Training data | Testdata | Check data | Total | . To enhance sensitivity, we convert elevation into the developed an Al methodolpgy bgsed F)n the obtained super-computed data
between 15t and 2" [ayer between 2n and 3 layer Po 22360 B 24360 thickness of layers and normalized by subtracting average |+ Conducted Monte Carlo Simulation with constructed Al methodology
Samples value and divided by standard deviation . . . . . .
Case A 19929 880 891 21700 * High accuracy obtained by selecting and normalizing the training data with
: : : : (89.1%) (88.0%)  (89.1%)  (89.1%) Summary: Case B shows better accuracy. We use the Al in consideration of the underlvina phvsical problem
In this StUdy’ we develop a practlcal _approach to enable uncertalnty anaIySIS Case B 22219 992 994 24205 Case B in following parts. Case A has lower sensitivity and its : : y J Py X :
of Iarge-scale ground motion anaIyS|s (99.4%) (99.2%)  (99.4%)  (99.4%) accuracy was saturated after 50 iterations. This accuracy was * Al that can confirm permissible level of accuracy can enhance HPC via an
1. Enabl | | vsis by hero . 2 full thhe pumber of correct valer and correct ratios. Judged correct found to be improved to some extent by subtracting a constant uncertainty analysis: large step towards achieving HQC for Earthquakes
- arget value - estimated value| < : TR
. Enable super-large scale analysis by heroic computing using tu 1000 points are picked up from 23.460 points as test data and check data. and enhancing the sensitivity. . We plan to improve both the Al methodology and the settings for the
Supercomputer SyStem _ By Supercomputing By Al with Super-computed data problem to further improve performance
2. Use super-computed data to construct an Al methodology Comparison of o e e -'
earthquake e S T -3 { - i Acknowledgments
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(HQC) ot Earthquakes Distribution by Al match sooo?
* Verified HPC results itself not sufficient for HQC without considering uncertainty adequately to

: L supercomputing results .
* Importance of HPC that enables heroic computing is strengthened by forpwhole goma%n

combination with Al that makes uncertainty analysis possible "
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